This study aims to map the urban area in and around Pune region between the year 1991 and 2010, and predict its probable future growth using remote sensing and GIS techniques. The Landsat TM and ETM+ satellite images of 1991, 2001 and 2010 were used for analyzing urban land use class. Urban class was extracted / mapped using supervised classification technique with maximum likelihood classifier. The accuracy assessment was carried out for classified maps. The achieved overall accuracy and Kappa statistics were 86.33% & 0.76 respectively. Transition probability matrix and area change were obtained using different classified images. A plug-in was developed in QGIS software (open source) based on Markov Chain model algorithm for predicting probable urban growth for the future year 2021. Based on available data set, the result shows that urban area is expected to grow much higher in the year 2021 when compared to 2010. This study provides an insight into understanding of urban growth and aids in subsequent infrastructure planning, management and decision-making.
INTRODUCTION
The land use change in urban area is a composite process. Several factors influence this process, including both physical aspects and human aspects. Accelerated urban expansion is usually associated with the social-economic factors. For substantial development, municipal authorities need tools to monitor how the land is currently used and assess future demand. the understanding of urban land change is important for decision makers and planners.
Recent years, urbanization is a major trend in big cities all around the world. The main change of land use in these areas can be described as other type of land use converting into urban land. Unfortunately, the conventional survey and mapping techniques are expensive and time consuming for the estimation of urban expansion and such information is not available for most of the urban centres, especially in developing countries. As a result, increased research interest is being directed to the monitoring of urban growth using GIS and remote sensing techniques. Remote sensing is increasingly used for identifying and analysis of urban expansion since it is cost effective and technologically efficient. In recent years, these methods have progressed and have been widely used in management of natural resource and urban planning.
In this paper, plateau region of Pune City as a case study to understand the urban dynamic. Remotely sensed satellite data (Landsat TM and Landsat ETM images) of three years (1991, 2001 and 2010) were used for mapping land use/land cover change from 1991 to 2010 (Three periods:1991 (Three periods: -2001 (Three periods: ,2001 (Three periods: -2010 (Three periods: , 1991 (Three periods: -2010 and to predicted the phases of urban expansion in Pune.
STUDY AREA
Pune district is in the western region of Maharashtra, India. It lies in the Western Ghats or Sahyadri mountain range and it extends on to the Deccan Plateau on the east. Pune is at an altitude of 559 m (1863 ft.) from sea level. Pimpri-Chinchwad is located at the West of Pune city, touching the Pune-Mumbai National highway. The corporation covers the area of Nigdi, Akurdi, Pimpri-Chinchwad and Bhosari. Pune city lies near the convergence point of rivers Mula and Mutha. The northwestern outskirt of Pune's urban area serves as the crossway for two other rivers, namely Pavana and Indrayani. The southern boundary of the urban area is formed by the Simhagad-KatrajDive ghat range. The whole administrative area is governed by Pune Municipal Corporation (PMC) and Pimpri-Chinchawad Municipal Corporation (PCMC). This paper mainly focuses on the region of Pune district that lies between 18d 22'26.7042"N to 18d49'08.7726"N latitude and 73d34'26.9177"E to 74d04'11.6946"E longitude.
MATERIAL AND METHODS
The images were obtained from usgs (earthexplorer.usgs.gov) for the year 1991, 2001 and 2010 for February, March, July and November, respectively. Satellite data of equivalent season (date) for the different year interval images could not obtained due to cloud cover. The satellite images obtained are as shown in Figure. 1, 2 and 3. Table 1 shows the details of the images used. Fist, all required satellite images were downloaded and stacked. The extents upper left: 73d34'26.9177"E Longitude 18d49'08.7726"N Latitude and lower right: 74d04'11.6946"E Longitude 18d22'26.7042"N Latitude used for clipping study area and clipped all the images. Different time series images were classified using ssupervised classification with maximum likelihood classifier algorithm. The obtained classified results used for analysing and predicting land use and land cover. The software used for this purpose was PCI Geomatica. The classes which were considered for classification are no-vegetation cover, urban with vegetation, healthy vegetation, sparse vegetation, lakes and river. We aggregated the number of classes in to four categories: urban, After performing supervised classification, obtained the classification report for all the three images and is as shown in Table 2 .
RESULT AND ANALYSIS
Figure 5, 6 and 7 shows classified output of 1991, 2001 and 2010 time periods data. Land use land cover area statistical information and classification accuracy assessment is shown in the table 2 and 3 respectively. Kappa statistic or Kappa coefficient is a statistical measure of inter-rater agreement or inter-annotator agreement for qualitative (categorical) items or in simple words it states how much the classified map diverges from reality. Using Molusce tool which is a plugin in Quantum GIS, Land use transition matrix was obtained to understand the changes (Table 4 , 5 and 6). The land use and land cover changes were predicted for the year 2021 by using arithmetic progression. The Table 7 The urban area is increasing and vegetation is decreasing and no-vegetation cover is increasing this study area. *The change in vegetation and no-vegetation cover is difficult to map, predict and conclude the causes for the changes due to temporal and spatial resolutions of satellite data. However, this present effort is not paying much attention on other then urban class. 
CONCLUSION
Satellite remote sensing and GIS technology are useful for understanding the land use and land cover change dynamics. Therefore, this kind of study would be time and cost effective methods for urban planners and decision makers. There is a consistent increase in the urban area of Pune from 1991 to 2010. According to this study the urban class in and around Pune is predicted to grow much higher in year 2021 as compared to 2010. Industrialization and increased population growth would be major driving forces for the change in land use during the past 19 years. The temporal and spatial resolution of the satellite imagery and absence of ground truth information are the few limitations to obtain better result. The present study is encouraging to carry out further analysis on how this change would be affecting the exiting land cover.
